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C ardiac arrest during pregnancy is a devastating event. Although a rare occurrence, it is often fatal and its significance is amplified given the potential loss of both mother and unborn baby at the same event. 1 The altered physiology of pregnancy, presence of a gravid uterus and multidisciplinary make-up of resuscitation teams present unique challenges during maternal arrest and resuscitative efforts. 2 Evidence suggests the pregnancy-related mortality ratio is increasing in the United States. 3 The cause of this increase in absolute mortality rates is unclear, although it appears the proportion of maternal deaths attributable to medical comorbities (cardiomyopathy, cardiovascular conditions, pulmonary hypertension) is both high 4 and increasing. 3 Optimal outcomes after cardiac arrest are dependent on the cause of the arrest and the skills of the team providing resuscitation. In-depth understanding of the physiological effects of pregnancy on the resuscitative efforts and application of the latest principles and protocols of advanced cardiac life support (ACLS) by the resuscitation team may improve quality of care and outcome. 5 However, several surveys indicate that anesthesiologists and obstetricians who treat pregnant women on a daily basis possess a limited knowledge of the recommendations for treating maternal cardiac arrest. 6, 7 Additionally, a simulation-based study assessing cardiopulmonary resuscitation of maternal cardiac arrest found significant deficits despite participants BACKGROUND: Cardiac arrest in the parturient is often fatal, but appropriate resuscitation in this special situation may save the lives of the mother and/or unborn baby. Concern has arisen as to application of recommended techniques for resuscitation in the obstetric patient. The Israel Board of Anesthesiology has incorporated simulation assessment into accreditation examinations. The candidates represent a unique national cohort in which we were able to assess competence in the simulated scenario of cardiorespiratory arrest in the parturient. METHODS: A simulated scenario of preeclampsia with magnesium toxicity leading to cardiac arrest in a pregnant patient was performed by 25 senior anesthesiology residents. A unique two-stage simulation examination consisting of high fidelity simulation followed immediately by oral debriefing was conducted. The assessment was scored using a predetermined checklist of key actions and answers to clarifying questions. Simulation performance was compared to debriefing performance. RESULTS: During the board examination, resuscitation not specific to the pregnant patient was performed well (commencing chest compressions, bag-mask ventilation, cardiac defibrillation); however actions specific to the parturient were performed poorly. Left uterine displacement, cricoid pressure during bag-mask ventilation, and instructing preparations to be made for perimortem cesarean delivery within 5 minutes were performed by 68%, 48%, and 40% of candidates respectively (lower 99% confidence limit 42%, 25%, and 19%, respectively). Cricoid pressure during bag-mask ventilation was performed by 48% (25%) but described in debriefing by 80% of candidates (53%) (P = 0.08), and time setting for perimortem cesarean delivery was performed by 40% (29%) but described by 80% (53%) (P = 0.05) of examinees. having current ACLS certification, 8 while other studies have demonstrated the value of simulation-based training on improving fetal-maternal team resuscitation performance. 9, 10 Although the exact role of simulation in teaching or assessing management of maternal resuscitation is controversial, there does appear to be some benefit to its use as an educational tool and the topic has been reviewed in recently published articles. 11, 12 The alarming finding of inadequate maternal resuscitation led us to assess possible knowledge gaps in Israeli anesthesiology residency programs by incorporating obstetric life support into the simulation-based Objective Structured Clinical Evaluation component of the Israeli Board Examination in Anesthesiology. 13, 14 In this manuscript, we present a retrospective analysis of the results and describe a new methodology of simulation-based assessment; a 2-stage examination using high fidelity simulation followed by structured oral debriefing.
METHODS

Simulation Based Scenario
A simulation-based scenario of a full term preeclamptic parturient with magnesium toxicity leading to apnea and cardiac arrest was developed by collaboration between subject experts from the Israel Board Examination in Anesthesiology, simulation experts from the Israel Center for Medical Simulation and experts in psychometrics and performance assessment from Israel's National Institute for Testing and Evaluation. Incorporation, description, and validation of simulation-based assessment in the Israel Board Examination in Anesthesiology has been described previously. 13, 14 The scenario (Appendix, see Supplemental Digital Content 1, http:/ /links.lww.com/AA/A446) was based on a real clinical case and was piloted with 3 junior attending anesthesiologists with similar experience in obstetric anesthesia as the participants in the board examinations.
The Examination
The scenario was integrated into a 20-minute 2-stage examination station. In the first stage, lasting 8 to 10 minutes, the examinees performed the resuscitation scenario in a high fidelity simulated delivery room located at the Israel Center for Medical Simulation. Present in the mock delivery room was a patient simulator (SimMan; Laerdal, Norway), one member of the simulation center personnel playing the role of a nurse and one examiner playing the role of an obstetrician. Another examiner was not involved in the scenario and observed the scenario through a one-way mirror. In the second stage of the examination, lasting 10 minutes, the examinee was debriefed by the same two examiners using a preconfigured checklist. All examinees were familiar with the simulation center as a result of a formal orientation session performed two weeks before the examination.
Performance Assessment
During the examination, participants were instructed to perform as they would in a real clinical case and to demonstrate a set of actions. They were encouraged to verbalize their actions during the performance. Those playing the role of the nurse and the obstetrician were instructed to ask the examinee for directions on task performance such as place, rate, and depth of chest compressions. Eight trained examiners were involved in the examination process; each examinee was assessed by the same two examiners during both stages of the examination. Examiners were not familiar with the examinee, therefore avoiding prior knowledge of the candidate and minimizing potential for bias. The examiners scored the examinees independently and any discussions between the examiners relating to performance of the candidate were prohibited to avoid the potential for bias.
Study Protocol
After IRB approval (Sheba Medical Center, Tel Hashomer, Israel), data on examinees' performance were analyzed. Since the data were used retrospectively and anonymously, and participants were enrolled as examinees, the IRB did not require informed consent of the examinees.
Data were collected retrospectively from the examination committee records and included 25 examinees participating in 1 examination period (November 2011). The standard criteria for assessment of resuscitation by the examinees in pregnant women (Table 1) were based on the 2010 ACLS guidelines. 15 The proportions of correct answers for each checklist item during scenario performance and during debriefing (Table 2) were calculated. Given the limited sample size the lower 99% confidence limit was calculated for each proportion using the modified Wald method. Differences between similar checklist items during the simulation-based scenario and the debriefing were explored using the McNemar test.
RESULTS
Data from all 25 examinees were available for evaluation. Almost all examinees asked other participants in the www.anesthesia-analgesia.org
ANESTHESIA & ANALGESIA scenario to perform chest compressions, to begin bag-mask ventilation, and to perform cardioversion using the correct energy, and they performed orotracheal intubation themselves (Table 1) . Actions unique to resuscitation in pregnancy: left lateral position, preparing for perimortem cesarean delivery of the fetus within 5 minutes, cricoid pressure and removal of fetal monitors were performed by 4% to 68% of examinees. Actions unique to the scenario: stopping magnesium administration and administering calcium were performed by 76% and 68% of the participants, respectively. During debriefing, most examinees were able to give a broad differential diagnosis for the clinical scenario and to define the cause of arrest (Table 2) . Similarly, most of the examinees were able to demonstrate proper place, rate, and depth of cardiac compression in pregnancy, as well as describe bag-mask ventilation and orotracheal intubation in pregnancy, and articulate the correct answer on the rationale for perimortem cesarean delivery within 5 minutes of the start of maternal cardiopulmonary arrest delivery.
Comparing data from simulation-based performance to data from the debriefing revealed a suggestion that there may be disparities between action and knowledge in the variables: time setting for perimortem cesarean delivery within 5 minutes (P = 0.05), performance of chest compression (P = 0.25), bag-mask ventilation (P = 0.5), applying cricoid pressure (P = 0.08), and orotracheal intubation (P = 1).
DISCUSSION
In this analysis, deficits in cardiopulmonary resuscitation during simulated obstetric crises were explored using data from the Israeli Board Examination in Anesthesiology. Examinees are familiar with resuscitation in general, as indicated by the satisfactory use of chest compressions, bag-mask ventilation, and cardioversion.
In contrast, candidates appeared less familiar with the unique aspects of resuscitation in pregnancy, including fundamentals such as the need for left uterine displacement and perimortem delivery within 5 minutes of maternal arrest. Few candidates removed fetal monitoring (this is a Class IIb recommendation). 15 Application of cricoid pressure was initiated by half the examinees (although the use of cricoid pressure is no longer recommended in the 2010 ACLS guidelines, 15 its use it still taught universally throughout training programs in Israel).
Results for maternal resuscitation in our cohort were poor and are similar to previous studies from other international locations. 7, 8 Poor maternal resuscitation has been identified as a factor contributing to maternal death and is a target for improvement. 16 The Centre for Maternal and Child Enquiries in the United Kingdom in the latest "Saving Mothers' Lives" report recommends regular training in this field. 17 We suggest the 2-stage format of our examination (simulation followed by debriefing) allows for a more efficient simulation-based assessment. Although the first stage concentrates on the "show-how" level of performance assessment, the second stage focuses on the cognitive aspects and clarifies what was done, the differential diagnosis, and why actions were performed. Lower scores in the debriefing may highlight deficits in performance not noticed by the examiners or of actions requested of and performed by team members that were part of the examination team. In this instance examinees may request the initiation of actions performed by others but do not have the cognitive knowledge of how to perform such actions themselves. The debriefing may also highlight gaps between cognitive knowledge and show-how. For example, during the simulation scenario examinees may not apply cricoid pressure during ventilation and may not initiate perimortem cesarean delivery in the correct time setting; however, during debriefing they may correctly discuss these topics. The possible disparity between these results is similar to the findings of Savoldelli et al. 18 who assessed the added value of simulator-based examination over traditional oral examinations. They found only moderate concurrent validity suggesting an examinee's performance can vary according to testing modality. Examinees who know how may not be able to show how and vice versa, using the conceptual approach described by Miller. 19 Recently Nunnink et al. 20 identified similar disparities between simulation and written examinations. We suggest that although these other investigators have compared written, oral, and simulation-based examinations, 20 or using simulation as an adjuvant to oral examination, 18 there may be a benefit in integrating simulation-based and oral examination into a single hybrid examination.
An important question is whether the examinees' performances were influenced by a simulation-based environment that is similar but not identical to the clinical environment. We suggest that the fact that most examinees realized that the patient was connected to a magnesium-labeled syringe pump, disconnected the patient from the infusion, and recognized that this was the precipitant for cardiac arrest supports the assumption that clinical data collection and decision making can be performed in the simulation environment similarly to real clinical life. Previous studies have confirmed the face validity of simulation-based assessment 8 and we believe this scenario exhibits satisfactory face validity, although it was not formally assessed. One limitation of this study is that because of the examination format and the retrospective analysis of the data, performance during the examination could not be correlated with participants' experience in obstetric anesthesia, previous experience in anesthesia from other countries, and fluency in Hebrew. Although all training hospitals in Israel have delivery rooms and obstetric units, and the anesthesiology residents are involved in providing epidural analgesia for pain relief and anesthesia for cesarean deliveries, we cannot assume that the experience of all examinees is equal. The limited size of the examination cohort prevented definitive conclusions. The Israel Board of Anesthesiology Examinations are held twice a year (April and November) and usually involve 20 to 30 examinees. Because the scenario cannot be repeated in the short term, the analysis is limited to the number of examinees taking the examination in one sitting. Another limitation of this study is that data were collected during a national board examination and not as part of a fully fledged multidisciplinary maternal resuscitation scenario, involving obstetricians, pediatricians, and team members familiar to the examinee. These factors prevent the assessment of some nontechnical variables important for resuscitation outcome such as team recruitment and leadership. Conversely, the examinee likely had an expectation of the scenario deteriorating into cardiac arrest, with examination priming potentially increasing the candidates' levels of awareness. Additionally, the examination took place during the daytime, when workplace fatigue is less likely to affect performance. In contrast, examination performance anxiety may have had a detrimental effect. The ultimate influence of these factors on examinee performance is difficult to quantify.
In addition to examining board candidates, simulation assessment allows findings from other simulation studies to be tested in our national cohort. Simulation has the potential to identify gaps in teaching programs 21 and hospital systems, 22 which can be fed back to department directors, essentially providing a feedback loop for training programs. Our findings are fed back to training programs with the expectation that deficiencies can be addressed in future training. Beyond the quality assurance role of simulation examination, the inclusion of such scenarios increases awareness of the subject matter among trainees and may rectify the deficit with some evidence that assessment drives learning. 23 In this manuscript we describe deficits in obstetric resuscitation among anesthesiologists attending a final high-stakes national board examination. The Israel Board Examination in Anesthesiology, to our knowledge, remains the only high-stakes board examination in anesthesia to use simulation for assessment and as such it captures data from a complete national cohort of senior anesthesiology residents presenting for credentialing. Our findings suggest a serious failing in learning maternal resuscitation and suggest a unique role for simulation in both assessment and education quality assurance. E
